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Department of Phy8iology, The Medical School, Univer8ity of Birmingham (Received 11 December 1952) Investigations in this laboratory of the metabolic fate of aromatic compounds containing 'potential centres for conjugation' (see Bray, Ryman & Thorpe, 1948; Thorpe, 1950) have been concerned mainly with compounds containing groups which may be converted to carboxyl in the animal body, e.g. -OH3; -CONH2; -CN. Another common conjugable group, the hydroxyl group, might theoretically be formed in vivo from etlhers. The evidence in the literature suggests that the ether link in unsubstituted alkyl phenyl ethers is not hydrolysed to any appreciable extent in vivo, since Kossel (1880 Kossel ( , 1883 and Lemn(1889) found that a glucuronide of ethyl p-hydroxyphenyl ether was a major metabolite of phenetole (ethyl phenyl ether) in the dog. With substituted alkyl phenyl ethers, however, there is evidence that considerable dealkylation may occur in vivo, as in the following examples: the formation of p-iodophenol from piodoxyphenyl methyl ether (R6hmann, 1905) ; of p-aminophenol from phenetidine (p-aminophenyl ethyl ether) and phenacetin, its N-acetyl derivative (Miller, 1888; Morner, 1889; Smith & Williams, 1949a, b) ; of p-hydroxydiphenyl from p-methoxydiphenyl and of p-hydroxyphenyl p-methoxyphenyl ether from di-(p-methoxyphenyl) ether (Stroud, 1940a 180-200O (Lock, 1930) . Di-(p-hydroxyphenyl) ether (m.p. 1610) was prepared from di-(p-nitrophenyl) ether (Eastman Kodak Co. Ltd.) via di-(p-aminophenyl) ether and the corresponding diazonium salt (Haussermann & Teichmann, 1896; Haussermann & Bauer, 1897) . For the characterization of phenols isolated as metabolites the p-nitrobenzyl ethers, carbanilates and phenoxyacetates were prepared as described by Johnson, Shennan & Reed (1944 Animals, diet and dosage. The rabbits used were 2-3 kg. does. They were maintained throughout the experimental period on the diet of pellets and water as previously described (Bray, Ryman & Thorpe, 1947 (Bray, Thorpe & White, 1950b) . Mercapturic acid (iodine consumption after hydrolysis by alkali) was estimated by Stekol's method (1936) . Column chromatography. Fractionation of urine extracts was carried out using a column (2-5 cm. diameter, 60 cm. long) packed with hydrocellulose (Imperial Chemical Industries Ltd.), or powdered Whatman filter tablets, in conjunction with a mechanical fraction collector.
Paper chromatography. The methods were as described by Bray, Thorpe & White (1950a) . Whatman no. 4 paper was used. The solvent mixtures were: A, light petroleum (b.p. None of these derivatives depressed the melting point of authentic specimens. Attempted i8olation of a glucuronide. Treatment of the urine by the usual lead precipitation procedure for the isolation of a glucuronide (cf. Bray et al. 1947) gave only a syrup which could not be induced to crystallize. It gave a strongly positive naphthoresorcinol test. An aqueous solution of the syrup, after extraction with benzene to remove unconjugated phenols, was hydrolysed by boiling under reflux with sulphuric acid (equal vol. 1ON) for 1.5 hr. and then extracted with ether. The extract was fractionated on a hydrocellulose column, eluting with benzene. p-Methoxyphenol was isolated as its p-nitrobenzyl ether. A small amount (6 mg. from 8 g. anisole administered) of o-methoxyphenyl p-nitrobenzyl ether, m.p. 610, was also obtained.
Phenol as a metabolite ofani8ole. It was important to decide whether phenol was a metabolite of anisole in the rabbit. No satisfactory solvent mixture has been found for the identification of phenol by paper chromatography, but mixtures of phenol and p-methoxyphenol can be clearly separated on a hydrocellulose column using as solvent a mixture of light petroleum (b.p. 900) (10 vol.), n-butanol (1 vol.) and 98 % formic acid, 2 % water (5 vol.). From ether extracts of urine hydrolysed by boiling for 1 hr. under reflux with sulphuric acid (equal vol. 1ON) separate fractions were collected every 10 min. No unsubstituted phenol was detected in any of the fractions either from normal rabbit urine or from urine collected after administration of anisole. If, however, anisole containing small amounts of phenol was given (purchased specimens of anisole may contain more than 2 %), some fractions giving a reaction for unsubstituted phenol were obtained. Quantitative estimation of phenol in the combined fractions from such an experiment indicated an amount corresponding to 70 % of that administered which was 27 mg./g. anisole.
Diphenyl ether. Paper-chromatographic examination of ether. extracts of acid-hydrolysed urines from rabbits dosed with diphenyl ether indicated that p-hydrox-yphenyl phenyl ether was the prin. cipal metabolite. Continuous ether extraction (72 hr.) of the pooled 24 hr. urines as collected (pH 7 8) from nine rabbits each dosed with diphenyl ether (1 g.) gave an extract from which p-hydroxyphenyl phenyl ether (m.p. 80°, 30 mg.) was Phenol could not be detected in the urine by the methods described for anisole urine. The amount of quinol detected by paper chromatograms was no greater than that found in normal rabbit urine.
I8olation of a glucuronide. Application of the lead procedure to urine from rabbits dosed with diphenyl ether gave a syrup which partially crystallized and from which after recrystallization from aqueous ethanol (charcoal) colourless needles, These findings are in accord with those of previous workers onphenetole (Kossel, 1880 (Kossel, ,1883 Lehmann, 1889) and on diphenyl ether (Stroud, 1940b) . They do not support Williams's (1947) interpretation of the results of Coombs & Hele (1926) in which he attributes the increased excretion of ethereal sulphate by the dog after ingestion of anisole to conjugation of phenol formed by splitting of the ether linkage. It is clear-from our experiments that in the rabbit this ethereal sulphate is almost entirely formed from p-hydroxyphenyl methyl ether, and that the o-isomer and phenol itself can only contribute to a very small extent. The evidence available suggests that the ether linkage of unsubstituted alkyl phenyl ethers and diphenyl ether is not readily split in vivo in the rabbit and the dog.
A study of the fate of several substituted methyl ethers in the rabbit is in progress in this laboratory and indicates that in some such compounds, e.g. methyl p-nitrophenyl ether, extensive fission of the ether linkage, comparable in extent to that found by Stroud (1940a) for di-(p-methoxyphenyl) ether and p-methoxydiphenyl, may occur. In such compounds the methoxy group may be regarded as a potential centre for conjugation. These experiments will be presented in a later paper. SUMMARY 1. The fate of anisole (methyl phenyl ether) and diphenyl ether in the rabbit has been studied.
2. These ethers are hydroxylated and the resultant phenols are excreted unconjugated and conjugated with glucuronic and sulphuric acids to the extent of 2, 48 and 29 % of the dose for anisole and 15, 63 and 12 % for diphenyl ether respectively.
3. The chief metabolite of anisole is p-methoxyphenol but a small amount of o-methoxyphenol is also formed. No fission of the ether linkage was detected.
4. The chief metabolite of diphenyl ether is phydroxyphenyl phenyl ether but a small amount of another metabolite probably di-(p-hydroxyphenyl) ether is also formed. No fission of the ether linkage was detected.
